Background Although laparoscopic cholecystectomy is recommended as standard treatment for acute cholecystitis, in 10-30 % a conversion to open cholecystectomy is required. Among some surgeons, this is still perceived as a "complication." The aim of our study was to define characteristics and outcome of patients with acute cholecystitis undergoing conversion cholecystectomy. Methods Over a 9-year period, 464 consecutive patients undergoing cholecystectomy for acute cholecystitis were analyzed for demographic, preoperative, intraoperative, histopathological, and laboratory findings and surgical outcome parameters. Results Patients with conversion cholecystectomy were characterized by younger age, lower American Society of Anesthesiologists (ASA) score, and less cardiac comorbidities compared to patients with primary open cholecystectomy. Severity of inflammation on the clinical and histopathological level was similar and comparable. Overall complication rate, mortality, and median hospital stay were significantly lower compared to those of primary open cholecystectomy group. Conclusions There are no disadvantages for patients undergoing conversion cholecystectomy compared to primary open cholecystectomy. The outcome is influenced by general condition and comorbidities rather than by the surgical approach. Underlying fear of conversion should not avoid a laparoscopic approach in patients with acute cholecystitis.
Introduction
Acute cholecystitis (AC) is one of the most common diseases in general surgery with high socioeconomic impact [1] . The treatment modalities of AC have changed during the last three decades [2] . New guidelines (Tokyo Guidelines) for diagnostic assessment and management have recently been published [3] and revised [4, 5] . Mostly open cholecystectomy was performed on patients with AC until the late 1980s. At the beginning of the laparoscopic era, AC was considered as a relative contraindication to laparoscopic cholecystectomy (LC). So far, LC is regarded as a safe and effective procedure for AC since experience and dexterity have grown over the last two decades. Recent publications do not report elevated surgical morbidity or mortality following LC in patients with AC. Indeed, current literature does not favor open surgery anymore in these patients [6] [7] [8] and LC is gaining more and more importance in the treatment of AC [1] .
Nevertheless, up to one third of all cholecystectomies are still performed with a primary open procedure [9] [10] [11] . Obviously, there is a mismatch between the general recommendation for LC and the perceived daily practice where a significant proportion especially of AC patients are treated applying primary open cholecystectomy (OC). The main hindrance for LC in patients with AC might be the apprehension of a conversion to open cholecystectomy (CC).
Several studies have shown that conversion significantly lengthens the procedure and hospital stay and increases morbidity [7, 12] . Furthermore, from a surgical point of view, a conversion from LC to OC can easily be perceived as an individual "failure" of the operating surgeon, and proponents of the laparoscopic approach strive to keep the conversion rate as low as possible [8, 13] . However, CC represents a common phenomenon in general surgery involving a high number of patients. Many studies have identified risk factors for conversion to open cholecystectomy in laparoscopic approaches for AC [14, 15] . Accepted risk factors comprise delayed surgical intervention [16] , male gender [7, 13] , age [13] , large and impacted gallbladder stones [17, 18] , obesity [13, 18] , previous surgery [18] , severe comorbidities [13] , gangrenous cholecystitis [19] , emergency surgery [20, 21] , and preoperative elevated C-reactive protein (CRP) levels [22, 23] . Interestingly, only very few studies explicitly examined characteristics and outcome of the patients who underwent CC [9, 17, 20, 24] . Indeed, there is only little evidence that is helpful for decision making in patients with AC. The daily key question for every surgeon, "primary open cholecystectomy or laparoscopic attempt," is far from being answered. It is not fully defined who might benefit from a laparoscopic approach-even if there is a (calculated) risk for CC-and who might benefit from a primary open procedure.
The aim of our study was to define the characteristics and the outcome of patients with AC who underwent CC. Additionally, patients with CC were compared with patients undergoing OC. To face the full surgical spectrum of AC, patients who underwent LC were also analyzed.
Patients and methods

Study design and inclusion criteria
In this retrospective cohort analysis, 464 consecutive patients underwent a cholecystectomy for AC between January 2004 and December 2012. Data were collected in our university hospital which is a certified referral center for pancreatic and hepatobiliary surgery and is also certified by the German Cancer Society. The annual operative caseload comprises 140 laparoscopic cholecystectomies. Figures were recruited by thorough analysis of hospital files. Only patients with a histopathologically confirmed acute inflammation of the gallbladder were included in the analysis [2] . Each procedure was performed in the presence of an experienced surgeon (consulting surgeon). The LC was executed by using the four-port technique in French position with the surgeon standing between the legs of the patient in general anesthesia with endotracheal intubation. The preparation was performed through a hook dissector. A pneumoperitoneum was routinely generated via a mini-laparotomy. Cystic duct and artery were closed using non-absorbable clips.
Histopathological and intraoperative findings
All pathological specimens were reviewed by an experienced pathologist (J.M.) blinded to the surgical treatment and outcome of the patient. Only patients with AC were included into the analysis. Histopathological findings of AC were scaled according to the extent of acute inflammation starting with erosive, increasing to ulcerous, ulcero-phlegmonous, gangrenous, or necrotizing inflammation. AC starts with mild inflammatory signs such as infiltration of granulocytes in the gallbladder wall, first restricted to the mucosal level with local edema. The inflammation increases to local damage of the epithelium with defects, e.g., erosions (erosive AC), still restricted to the mucosal level further leading to ulcers (ulcerous AC). This includes submucosal layers and phlegmonous transmural inflammation. With further progression of the inflammation, macroscopic transmural changes occur such as gangrenous (gangrenous AC) or even necrotizing inflammation (necrotizing AC) with transmural necrosis. Additionally, occurrence of incidental carcinoma was distinguished separately [2] . Information about the intraoperative findings was obtained by operation reports, i.e., presence of gallbladder stones, sludge, carcinoma, or acalculous cholecystitis.
Demographic and clinical characteristics
The following demographic data were collected: age, sex, and American Society of Anesthesiologists (ASA) classification as well as comorbidities which were further categorized into cardiac, vascular, renal, pulmonary, and cerebral diseases as well as liver cirrhosis, infectious diseases (HIV, hepatitis C), and diabetes mellitus. Previous abdominal procedures (laparoscopy/laparotomy) were recorded.
Preoperative history, laboratory findings, and interventions
The preoperative history was summarized with regard to onset of symptoms (duration of abdominal pain before surgery in days), preoperative laboratory findings, and preoperative bile duct stenting (ERC) for choledocholithiasis. The collected preoperative laboratory values were leucocytes, C-reactive protein (CRP), aspartate transaminase (AST), gammaglutamyltransferase (GGT), alkaline phosphatase (ALP), and total bilirubin.
Experience of operating surgeon and duration of procedure
The experience of the operating surgeon was categorized in chief physician, attending surgeon, or resident. The duration of the procedure was measured in minutes.
Postoperative outcome
Perioperative and postoperative complications were examined and divided into the following groups: Furthermore, mortality and the length of hospital stay were recorded.
Statistical analysis
Statistical analysis was carried out using SPSS 21/22 and GraphPadPrism 6. Data were expressed as median and range, and frequencies as percent (%). Comparison of continuous parameters between groups was performed using nonparametric Mann-Whitney test for the following parameters: age, hospital stay, and length of procedure. Frequencies were compared using two-tailed Fisher's exact test for the following parameters: sex, ASA, previous procedures, comorbidities, preoperative laboratory findings, preoperative history, complications, mortality, performing surgeon, histopathological findings, and cholelithiasis. p values ≤0.05 were considered as statistically significant and are indicated in tables and figures as follows: ***p ≤ 0.001, **p ≤ 0.01, and *p ≤ 0.05.
Results
Study population
A total of 464 patients were identified who underwent a cholecystectomy for a histological proven AC. A laparoscopic approach was performed in 386 patients (83.2 %) whereas 78 patients had an OC (16.8 %) as indicated in Fig. 1 . Among patients with laparoscopic approach, the procedure was accomplished as LC in 262/386 patients (67.9 %). CC was required in 124/386 patients (32.1 %). Therefore, the overall conversion rate was 32.1 % (Fig. 1) . The frequency of CC and OC over 9 years was ranging between 13.5 and 39.7 %, and 9.5 and 26.9 %, respectively. There was no obvious time-dependent effect for the selection of the surgical procedure.
Histopathological and intraoperative findings
Only patients with AC were included and histopathological findings were graded according to the extent of acute inflammation (Table 1) . Erosive cholecystitis was detected in 113 patients (24.4 %); moderate transmural inflammation such as ulcerous or ulcero-phlegmonous inflammation was found in 107 (23.1 %) and 204 (44 %) patients, respectively. Severe inflammation with gangrenous or even necrotizing inflammation was seen in 16 (3.45 %) and 21 (4.5 %) patients, respectively. Patients with incidental carcinoma (n = 3; 0.65 %) were distinguished separately. As indicated in Table 1 , no statistically significant difference could be perceived in the extent of acute inflammation between the specimens of the CC and OC. Comparing both groups to the LC group, CC and OC showed significantly higher stages of inflammation.
The presence or absence of cholecystolithiasis, sludge, or a carcinoma associated with acute inflammation is summarized in Table 1 . Again, no statistically significant differences between the CC and OC group were observed. In the LC group, 95.8 % showed a cholecystolithiasis compared to 87.9 % (p ≤ 0.01) in the CC group and 85.9 % (p ≤ 0.01) in the OC group.
In summary, patients in the CC and OC group had similar and comparable severities of inflammation on the histopathological level and similar intraoperative findings regarding cholecystolithiasis.
Demographic and clinical characteristics
Demographic and clinical characteristics are summarized in Table 2 . The median age was 66 years (range 14-96), and patients in the CC group were significantly younger (69 years, range 24-89) compared to patients undergoing OC (78 years, range 41-96; p ≤ 0.001) and also significantly older compared to those undergoing LC (60 years, range 14-95). The gender ratio was 215 males (46 %) to 249 females (54 %) and did not differ between the study groups. As further indicated in Table 2 , CC patients were characterized by significantly lower ASA categories compared to OC and by higher ASA categories compared to LC, since 52 % of CC patients were categorized as ASA ≥3 compared to 83 % in the OC group (p < 0.001) and 33 % in the LC group (p ≤ 0.001), respectively. This was also reflected by higher incidence of cardiac comorbidities in the OC group, which were significantly more common in OC patients (59 %) compared to CC (34 %; p ≤ 0.001). The prevalence of other comorbidities is summarized in Table 2 . Interestingly, there was no difference in the frequency of previous open or laparoscopic abdominal surgery among the three study groups. The overall frequency of previous surgery was 25 % (Table 2) .
Preoperative history, laboratory findings and interventions
The median duration of symptoms prior to cholecystectomy for AC was 3 days (range 1-23) and did not differ between the three study groups (Table 3) . Regarding preoperative laboratory parameters, there was a continuous and significant increase of preoperative leucocytes, C-reactive protein (CRP), and aspartate transaminase (AST) as well as total bilirubin from LC over CC to OC-indicating different severities of acute inflammation between the three study groups. Preoperative common bile duct stenting for concomitant choledocholithiasis was performed in 59 patients (12.7 %) and was more common in CC patients (16.9 %) compared to OC patients (6.4 %) (p ≤ 0.05) but did not differ in comparison to LC patients (12.6 %).
Experience of the operating surgeon and duration of procedure ns not significant *p ≤ 0.05; **p ≤ 0.01; ***p ≤ 0.001 ns not significant *p ≤ 0.05; **p ≤ 0.01; ***p ≤ 0.001 attending in 28 %, and by the resident in 23.8 %. No statistically significant difference between the groups could be found, meaning that the ratio of LC versus CC versus OC within the different levels of experience was the same. Table 4 also comprises the duration of each operative procedure (in minutes). As expected, OC was the most rapid procedure with a median duration of 97.5 min (range 38-310 min) and with a statistically significant difference to the CC group with a median duration of 125 min (range 70-305 min; p ≤ 0.001). CC was also longer than LC with 110 min (p ≤ 0.001). No statistically significant difference could be shown between LC and OC (p = 0.27).
Postoperative outcome
As indicated in Table 5 , LC showed a lower overall complication rate (12.2 %) compared to CC (29.8 %; p ≤ 0.001) or OC (48.7 %; p ≤ 0.001). Surprisingly, a lower overall complication rate was found in the CC group (29.8 %) compared to the OC group (48.7 %; p ≤ 0.05).
Comparing biliary complications, we only distinguished a statistically significant difference between the LC group (2.3 %) and the OC group (9 %) (p ≤ 0.05). Between the CC group (6.5 %) and OC group (9 %), no relevant difference could be shown. Detailed information about observed biliary complications is summarized in Table 5 .
Minor surgical complications were less common in the LC group (5 %) compared to 11.3 % in the CC group (p ≤ 0.05) and 17.9 % in the OC group (p ≤ 0.001). Again, no difference could be found between the CC and the OC group. Regarding major surgical complications, no difference could be shown between the LC, CC, and OC group.
Overall, minor non-surgical complications showed no statistically significant difference between each of the groups.
Again, no statistical difference could be found between the CC and the OC group.
No patient of the LC group developed major non-surgical complications. The CC group showed significantly less major non-surgical complications (4 %) than the OC group (11.5 %; p ≤ 0.05).
The rate of postoperative mortality showed no difference between the LC group (0 %) and the CC group (1.6 %). In the OC group, the mortality rate was significantly higher (11.5 %) than in the LC group (p ≤ 0.001) and the CC group (p ≤ 0.01). The causes for perioperative mortality are summarized in Table 6 .
The median postoperative hospital stay was shorter in the LC group (5 days) compared to the CC group (8 days; p ≤ 0.001) and to the OC group (13 days; p ≤ 0.001). Surprisingly, patients of the CC group left the hospital earlier than patients of the OC group (p ≤ 0.001; Table 5 ).
Discussion
LC, introduced in 1985 [25] , revolutionized the management of gallstone disease [26] and is now regarded as the gold standard for treatment of symptomatic cholecystolithiasis [8, [27] [28] [29] and the preferred operative modality for AC [1] . According to Lengyel et al. [30] , one should take into consideration that with decreasing experience with open procedure, converting from laparoscopic to open cholecystectomy could no longer be associated with increased safety. Especially young surgeons are trained mostly in minimally invasive procedures. From our point of view, this could provide a future problem.
In our opinion, the open approach should still be favored for patients with severe comorbidities, advanced inflammation, and older age. A long duration of procedure should be avoided. ns not significant ***p ≤ 0.001 CC during treatment of AC is still perceived as a complication and personal failure of the operating surgeon among some members of the surgical community. This phenomenon has already been critically discussed [8, 13, 19, 31] . Although, there are many previous studies describing the outcome of LC [1, 19, 32, 33] and OC [9, 13] in AC, only very few studies have depicted the outcome of CC for AC [17, 20, 21] . In this context, the aim of our study was to evaluate the outcome of patients with AC undergoing CC in comparison with patients undergoing OC.
What are the differences between CC and OC patients?
Compared to patients in the OC group, patients receiving CC were characterized by younger age and a lower ASA score, both consistent to the findings of Wolf et al. [9] . Furthermore, cardiac comorbidities were less frequent in CC patients. Although Chandio et al. [31] , Livingston et al. [21] , and Visser et al. [13] could identify male sex as a risk factor for CC, our study could not prove significant differences in the gender ratio between the CC, OC, or LC group. Another difference between CC and OC was noticed in preoperative laboratory pro-inflammatory values (e.g., CRP and leucocytes), which were significantly lower in CC patients. This is consistent to the findings of Araujo-Teixeira et al. [22] and Wevers et al. [23] . However, the observed differences, although significant, were small on a qualitative level. Median preoperative CRP values of 137 mg/l in CC patients and 199 mg/l in OC patients suggest a strong and comparable inflammatory response in both groups compared to a less pronounced response in the LC group (CRP 8 mg/l). The equally pronounced systemic inflammatory reaction in CC as well as in OC patients is also mirrored by the histopathological findings, since both groups revealed a high degree of inflammation. Approximately 75 % of patients in both groups had severe inflammatory histopathological findings (i.e., ulcerophlegmonous, gangrenous, or necrotizing cholecystitis). In line with this finding, the period between the onset of symptoms and the surgical procedure did not differ significantly between CC and OC patients, ranging around 3 to 4 days. This is concordant with the reported 72-h period, which Van der Steeg et al. claimed as a cutoff point for conversion [7] and the 96-h interval described by Livingston et al. [21] .
Due to the retrospective nature of our study, it was not possible to analyze the surgeon's decision whether to perform OC or CC. The various indications to CC or OC were mostly advanced inflammation, difficulty of dissection, and severe bleeding.
Based on our observations, it is obvious that the general decision between the laparoscopic approach and primary open procedure is primarily influenced by the condition and the comorbidities of the individual patient rather than by the assumed severity of inflammation.
Is there a different outcome after CC or OC?
As expected, the duration of the procedure was highest in the CC group compared to the OC group (and LC group). CC procedures took only 15 min longer than LC, which is an acceptable amount of time with regard to longer anesthesia. Giger et al. [8] showed that LC taking longer than 2 h has a higher cumulative risk than a procedure of a shorter duration. The median operation time (110 min.) in the LC group lies within an acceptable range of time.
Even though the conversion rate after laparoscopic approach seems relatively high in our study (32.1 %), the modality of surgical procedure was independent from the qualification and experience of the operating surgeon. Regarding the surgical experience of the performing physician, the ratio within the CC and OC (and LC) group has always been the same. This is supported by Banz et al. [34] who could show that the experience of the surgeon did not affect the outcome and conversion rate of patients undergoing LC. Surprisingly, the CC group showed less complications than the OC group, since the overall complication rate was 29.8 % for CC and 48.7 % for OC. This is in contrast to findings of other authors [9] . Mortality (1.6 %) and median hospital stay (8 days) following CC were also significantly lower compared to OC (11.5 %; 13 days). Further breakdown of complications revealed significant differences only for the subgroup of major non-surgical complications, which occurred in 4.0 % of the CC patients and in 11.5 % of the OC patients. Interestingly, there was no significant difference regarding biliary complications or minor/ major surgical complications.
The differences between minor complication rates, especially wound healing disorders with CC (5.6 %) and OC (10.2 %), appeared substantial (although they did not reach statistical significance). This could be due to the small amount of patients in these groups.
In conclusion, the surgical outcome of CC is not as bad as its reputation. Furthermore, the outcome is primarily influenced by the general condition and the comorbidities of the individual patient rather than by the modality of surgical treatment.
Limitations of this study
A direct comparison in a retrospective manner of CC and OC is at least questionable. Comparing the three groups LC, CC, and OC, we were looking at different collectives, reaching from overall young and healthy patients in the LC group to older patients with more comorbidities in the OC group. On the other hand, a prospective randomized controlled trial comparing CC and OC would be difficult to perform. A retrospective analysis represents a reasonable compromise. This has to be taken into account for the interpretation and discussion of our results.
Conclusion
In summary, our results clearly show that comorbidities and medical conditions rather than the severity of inflammation are the decisive factors that lead to primary OC compared to a laparoscopic approach in AC. Furthermore, our results clearly indicate that patients undergoing CC have no significant disadvantages in comparison with patients undergoing OC. OC might still be the fallback standard for severely ill patients, but the unfounded fear of CC should not inhibit a laparoscopic approach in patients with AC. CC should therefore not be seen as a "complication" or "failure."
